After the publication of the Prospective Investigation of Pulmonary Embolism Diagnosis (PIOPED) study in 1990, there was considerable controversy concerning the ventilationperfusion (V/Q) study in regard to its low sensitivity and high number of nondiagnostic examinations when used in patients with suspected pulmonary embolism (PE). Many lessons have been learned from the PIOPED database that have greatly improved our interpretive skills in the 2 decades since the study was performed. One of the key problems negatively impacting interpretation was the predominantly inpatient population that was studied. Inpatients generally are sicker patients with abnormal chest x-rays. This factor significantly degrades V/Q interpretation. A normal chest x-ray greatly facilitates accurate interpretation of the lung scan. The emergence of computed tomography angiography (CTA) in the early to mid-1990s provided a superb new means of imaging patients with suspected PE. As this technology became more sophisticated with multidetector units, it became the procedure of choice in the great majority of medical centers. CT scanners located in or proximal to many emergency departments as well as its 24/7 availability supported this preference. Within the past 2 to 3 years, the publication of the PIOPED II study as well as some other prospective and retrospective studies have confirmed similar diagnostic accuracy for CTA and V/Q studies. Additionally, there have been several recent publications cautioning physicians about the large radiation dose associated with CTA, particularly to the female breast. Considering the great benefits of both techniques as well as their limitations, it is prudent for both clinicians and imaging physicians to develop an appropriate approach to studying patients with suspected PE. Considerations such as objective clinical assessment, D-dimer assay and the chest x-ray appearance all play significant roles in this decision-making process. Semin Nucl Med 38:432-440
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T he introduction of perfusion lung imaging 4 decades ago was a major medical advance. 1 Before that time, there existed a large diagnostic gap between clinical suspicion and laboratory studies, including pulmonary function tests and invasive pulmonary angiography. Several publications addressed the interrelationships between perfusion lung imaging and angiography. [2] [3] [4] [5] The primary imaging instrument at that time was the rectilinear scanner, which coupled well with the high-energy 131 I-labeled to macro-aggregated albumin (MAA), which was used to assess lung perfusion. The late 1960s and early 1970s witnessed a change over to gamma camera technology and technetium-99m as the label for the MAA. In addition, the radionuclide evaluation of suspected PE was further enhanced by the introduction of ventilation studies with the radioactive gas, xenon-133. 6, 7 Subsequently, another ultra short half-lived radioactive gas, 81m Kr, as well as radiolabeled particles of 99m Tc-DTPA have been used for the ventilation study.
During the 1980s and 1990s, ventilation-perfusion (V/Q) imaging was the procedure of choice for studying suspected PE. The probability assessment introduced by Biello's retro-spective analysis in 1979 8 became an integral part of our interpretive language. In the mid-1980s, a group of 6 medical centers embarked on a prospective evaluation of V/Q imaging that was known as the Prospective Investigation of Pulmonary Embolism Diagnosis, or PIOPED. The results were published in 1990 in the Journal of the American Medical Association 9 and have been the focus of considerable discussion and dispute for almost 2 decades. With time, it became progressively clear that certain errors were made by the originally formulated criteria. These were subsequently modified. 10 However, the PIOPED study did provide a most useful computerized database that allowed further retrospective analysis and understanding as to how to optimize V/Q interpretation, particularly in the clinical setting. 11, 12 
Problems With the PIOPED Study
Classifying the Single Segmental Mismatch (SSM) as Low Probability
Biello originally classified the SSM as being of intermediate/ indeterminate probability. The PIOPED investigators decided to call this low probability. This may have been part of an attempt by the PIOPED investigators to reduce the number of intermediate or indeterminate interpretations. This decision occurred before the article by Rosen and coworkers in 1986 that clearly established it as an "intermediate finding" in that 50% of their patients with this finding had PE. 13 Unfortunately, PIOPED's finding of a 36% incidence of PE in SSM became an important part of a credibility problem that existed for low-probability interpretations. 14 Pulmonologists reported that such interpretations should be considered nondiagnostic. 15 , 16 Gottschalk and coworkers 10 returned the SSM to the intermediate category in their 1993 modified PIOPED criteria. In a Journal of Nuclear Medicine editorial, Gottschalk 17 discussed why the SSM was erroneously placed in the low-probability category when the original PIOPED criteria where formulated in the early 1980s. At that time, the PIOPED investigators felt that the available data from the literature justified a low probability classification for the SSM.
Changes in Positive Predictive Value (PPV) of a Low-Probability Interpretation
Biello's original low probability interpretation carried with it a Ͻ10% PPV for PE. This level of confidence generally is acceptable to the clinician faced with the decision as to whether or not to use anticoagulants. In an attempt to cut down on the number of intermediate interpretations, the PIOPED investigators associated low-probability interpretation with a Ͻ20% PPV. This larger margin of potential error also had a significant impact on anticoagulant management decision. Clinicians managing these patients were willing to accept a possible 10% error, but 20% was considered too great a possible risk to encounter. This further eroded the credibility of low probability interpretations. 14 
The Majority of Subjects Were Inpatients
One of the criticisms of the PIOPED study was the very high number of intermediate or indeterminate interpretations, which constituted 39% of the total population studied (364 of 931). This is not surprising when one considers that 68% of the subjects were inpatients. These generally are sicker patients with a strong likelihood of having chest x-ray abnormalities, such as opacities, fluid accumulations, etc. These create "triple-matched" abnormalities (V, Q, and radiograph) that necessitate an intermediate interpretation. Subsequent prospective studies discussed below more appropriately focused on outpatient populations with normal or near normal chest radiographs. This, in turn, minimizes intermediate interpretations. This was another of the important lessons learned from the PIOPED study. Sostman and coworkers 18 recently presented retrospective data dealing with the relative sensitivity and specificity of the PIOPED I and the subsequently performed PIOPED II study.
Lessons Learned From PIOPED
As indicated, the computerization of the study provided a very important database from which clinically useful information concerning V/Q interpretation was subsequently extracted.
Ancillary Scintigraphic Findings
Observations made before PIOPED, such as the use of the stripe sign 19 as well as those made retrospectively from PIOPED, such as the fact that triple matches in the mid-and upper lung fields and large pleural effusions (without other mismatches) could appropriately be called very low instead of low or intermediate probability 20, 21 have greatly enhanced and clarified interpretation.
Freeman and coworkers summarized several other scintigraphic findings that have improved our ability to interpret V/Q studies in a previous issue of Seminars in Nuclear Medicine. 22 Those allowing a low-probability interpretation include studies with the ventilation defect appearing worse than the perfusion abnormality. 23 
Stratification of Patients
Stein and coworkers 11 showed that differences exist in probability assessments depending on whether underlying cardiopulmonary disorders are present or absent. A striking example of this relates to the single segmental V/Q mismatch, which in the 1993 modified PIOPED criteria, was replaced into the intermediate probability category where Biello had originally assigned it. However, Stein's work showed that in a patient with no underlying cardio-pulmonary disease, the PPV of this finding became 86%, which put it into the high probability category.
The concept of patient stratification also relates to the 68% inpatient population of PIOPED I and goes a long way to explaining its relatively poor V/Q sensitivity as compared with PIOPED II where only 11% of those studied were inpatients. 18 
Importance of Pretest Probability (Objective Clinical Assessment)
After PIOPED, objective clinical assessment was clearly established as one of the key ingredients in establishing a definite V/Q or CTA diagnosis. The Wells criteria have been adopted by many as a means to create more objectivity between different observers. 24 Although originally described as a high, intermediate, or low classification, it has more recently been dichotomized into a clear-cut high or low pretest probability assessment. 25 This newer classification uses scores of 4.5 or greater as high pretest probability whereas 4 or lower constitutes low pretest probability. The individual components are listed in Table 1 . We have encouraged our clinicians, particularly those in the emergency department (ED) to use the Wells score. Of interest is that a recent published survey assessing pretest practices of clinicians treating patients with acute PE revealed that the great majority (72.5%) surveyed prefer an unstructured approach (as opposed to published algorithms) to estimate pretest probability. 26 This subjective approach works best with more experienced clinicians since most of the components used in the Wells classification become an integral part of their "gestalt" impression. However it is assessed, it is clear that objective clinical assessment plays an important role in making management decisions. A good example again relates to the single segmental mismatch. As discussed previously, its 86% PPV in the patient with no underlying cardiopulmonary disease can be increased to 100% when a high pretest probability is added to the picture. 12 
Further Refining V/Q Interpretation
The manner in which we interpret V/Q scans has improved considerably since the original PIOPED study. In addition to the use of ancillary scintigraphic findings and correlation with patient stratification and objective clinical assessment, we have benefited greatly from Gottschalk and coworkers' work reclassifying several findings into the category of "very low probability". 27 These findings are listed in Table 2 . The use of this very low probability category can be safely used to rule out PE, particularly when combined with a low probability clinical assessment. Other factors also have contributed to why current V/Q interpretation has improved considerably over what it was at the time of the original PIOPED study two decades ago. Table 3 summarizes these more recent considerations that allow for a very low probability interpretation.
The Emergence of CT Angiography
The development of helical CT in the early 1990s allowed the pulmonary arterial tree to be imaged during a single CT acquisition. Remy-Jardin and coworkers 28 in 1992 published the first series comparing CTA using single detector helical CT, with conventional catheter angiography. They and others found CT to perform well in depicting central but not subsegmental emboli. [28] [29] [30] [31] However, this limitation of CT was mitigated by the fact that even catheter angiography only has a 40 to 60% interobserver reliability for the diagnosis of pulmonary embolism at the subsegmental level. 32 Clinical studies showed that the negative predictive value of CTA was comparable with that of catheter angiography. 33, 34 Subsequently, CTA was widely embraced, overtaking V/Q in 2001 as the most common imaging modality for suspected pulmonary embolism. 35 Advances in the current multidetector CT technology have considerably improved the ability of CT to depict small, subsegmental emboli. [36] [37] [38] [39] Overall, there has been an increase in the diagnosis of pulmonary emboli since Table 2 Criteria for a Very Low Probability of PE (<10% PPV)* 1. Nonsegmental perfusion abnormalities. These are enlargement of the heart or hilum, elevated hemidiaphragm, linear atelectasis, or costophrenic angle effusion with no other perfusion defects in either lung. 2. Perfusion defect smaller than corresponding radiographic lesion 3. >2 matched V/Q defects with regionally normal chest radiograph and some areas of normal perfusion elsewhere in the lungs 4. 1 to 3 small segmental perfusion defects (<25% of a segment) 5. Solitary triple matched defect (defined as a matched V/Q defect with associated matching chest radiographic opacity) in the middle or upper lung zone confined to a single segment. 6. Stripe sign, which consists of a stripe of perfused lung tissue between a perfusion defect and the adjacent pleural surface (best seen on a tangential view). 7. Pleural effusion equal to one third or more of the pleural cavity with no other perfusion defect in either lung. Score: <4 ‫؍‬ low probability, >4.5 ‫؍‬ high probability. *Based on Wells et al 24 and modification. 25 the advent of CT. However, the benefit of this increased diagnosis is uncertain as the risks of recurrent thromboembolism and death have not declined. 39 A recent prospective study has shown relatively equivalent sensitivity and accuracy between CTA and V/Q studies. 40 Our retrospective review has shown similar results (see "Recent Studies Comparing the V/Q Scan and CTA"). Because of the greater associated radiation exposure with CTA as compared with V/Q, it is prudent to develop a strategy as to when each should be used in a particular clinical setting. The difficulties in interpreting V/Q studies are most frequent in patients with pneumonia, atalectasis, pleural fluid and severe chronic obstructive pulmonary disease. We have found the plain chest x-ray a simple means of selecting which procedure should be performed. This is discussed further later in the article.
There is one additional, important advantage that CTA offers over V/Q imaging, which is its ability to make alternative anatomic diagnoses that may turn out to be the cause of the patients' symptoms. Significant findings, such as dissecting aneurysm or pneumothorax, may be detected. 36 Cronin and coworkers present a thorough, detailed discussion of CTA elsewhere in this issue of Seminars in Nuclear Medicine. 41 
The PIOPED II Study
The increasing popularity and availability of CTA stimulated the PIOPED investigators to undertake what was originally anticipated to be a prospective comparison of CTA and V/Q imaging. The results of the study were published in the June 1, 2006, issue of the New England Journal of Medicine. 38 Rather than a comparative study, PIOPED II focused on the accuracy of CTA, itself. Most importantly, the results do not clearly support the superiority of CTA over V/Q scanning for the diagnosis of PE.
It is interesting to note that the V/Q scan actually represented the most frequently used reference standard required for entry into the PIOPED II study. Thus, the V/Q study became a significant part of "truth" (final decision of whether or not the patient actually had PE). Other components of the reference standards included objective clinical assessment (Wells score), venous ultrasonography for deep venous thrombosis (DVT) and, where possible, digital subtraction angiography.
The results obtained for CTA for the 824 patients studied showed an overall sensitivity of 83% (150 of 181 patients) and a specificity of 96% (567 of 592 patients). These values were calculated after patients with poor quality studies insufficient for conclusive interpretation (51 patients or 6% of the total population) were removed. If these inadequate studies were included, the sensitivity and specificity would drop to 78% and 90%, respectively. The overall PPV was 86% and the negative predictive value was 95%. These values are comparable with V/Q statistics.
Of particular interest in the study was the importance of correlating the CTA results with objective clinical assessment. When discordance existed between a low Wells score and test results, the PPV of the positive CTA was only 58%. Similar results existed for the V/Q scan in PIOPED I, where Table 3 Improvements in V/Q Interpretation Since PIOPED I 1. The original PIOPED study had a very heavy concentration on inpatients, which constituted 68% of the total population studied. PIOPED II had an inpatient population of 11%. Inpatients are much more likely to have chest x-ray abnormalities that would potentially interfere with optimal V/Q interpretation. Screening patients with a chest x-ray has very significantly cut down the number of intermediate, nondiagnostic interpretations. 2. The use of a number of ancillary scintigraphic findings not used in PIOPED I subsequently became available to us. 22 Some of these were based on data made available from retrospective review of PIOPED. Most of these allow a very low probability or PE ABSENT interpretation. These include: a. The stripe sign 19 b. The fissure sign 69, 70 c. Segmental contour pattern 71 d. Large pleural effusions with matched V/Q findings and no other V/Q mismatches 21 e. Radiographic densities with matched V/Q findings in upper or mid-lung zone 20 f. Perfusion scan better than abnormal chest radiograph g. V defects worse than Q defects: reverse mismatch 23 3. Stratification of patients who may or may not have underlying cardiopulmonary disease has enhanced interpretation 4. Retrospective analysis of the PIOPED criteria found errors, eg, a moderate SSM was erroneously called low probability.
In a subsequent publication modifying the original criteria, the SSM was correctly placed in the intermediate category 5. Different significance of findings when correlated with objective clinical assessment (pre-test probability), ie, a SSM in a patient with high pretest probability constitutes a high probability V/Q interpretation 6. Improved particle ventilation agents are now available than can be used in place of the older, but still superb xenon-133 study. The optimal particle, inhalatory agent, TECHNEGAS (Cyclopharma Corp) has been used worldwide outside the U.S. for the past 15 years. It will, hopefully, receive approval from the Food and Drug Administration within the next year. 7. Nuclear medicine instrumentation has improved considerably. Most centers use dual headed detectors to considerably shorten the time of the examination. Those that continue to use single headed cameras have instruments with significantly better resolution than those used in PIOPED I. Very few of the cameras used in the mid-1980s for PIOPED I would be acceptable by today's standards. In addition, the use of SPECT in many centers, primarily outside the U.S., has improved diagnosis.
the PPV was only 56% when this discordance existed. In fact, the final sentence of PIOPED II states that "additional testing is necessary when clinical probability is inconsistent with the imaging result." 38 As with the PIOPED I study, the available computer database allowed retrospective review which Sostman and coworkers 18 recently used to assess the performance of V/Q scintigraphy in the study. The composite reference standard used to judge V/Q results was either DSA or CTA results that were concordant with the Wells score. The sensitivity of a high probability scan finding was 77.4%, and the specificity of a normal or very low probability study was 97.7%. Their conclusion states that V/Q scanning "can be considered an appropriate pulmonary imaging procedure in patients for whom CT angiography may be disadvantageous." As will be discussed, the patient population in which CTA may be considered disadvantageous is quite large due in great part to the radiation exposure associate with CTA, particularly to the female breast.
Gottschalk and coworkers 27 retrospective analysis of PIOPED II data using their "very low probability" criteria resulted in this interpretation being made in 56% of the patients. In these patients, the PPV was 8.2%. Furthermore, when combined with a low probability objective clinical assessment, a very low probability V/Q interpretation resulted in a very favorable PPV of only 3.1%.
Recent Studies Comparing the V/Q Scan and CTA
Canadian Study 40 An important study by Anderson and coworkers reported in December 2007 prospectively randomized patients, who were suspected of having PE, between CTA and V/Q. The suspicion was based on a high probability objective clinical assessment (Wells score of 4.5 or greater, see Table 1 ) or a positive D-dimer test result. Patients with DVT or PE diagnosed within the prior 3 months were excluded, as were those with contraindications to contrast media. All patients with a nondiagnostic V/Q scan or a negative CTA also had leg vein ultrasonography. The study was designed so that the primary outcome was the development of either DVT or PE in the ensuing 3 months in patients in whom PE had been excluded by either the V/Q or CTA study.
Of the 712 patients randomized to V/Q, 101 (14.2%) were diagnosed with PE or DVT on the initial study whereas of the 694 patients randomized to CTA, 133 (19.2%) had positive findings. Most importantly, the 3-month follow up revealed that only 6 of 661 (1%) of the initially negative V/Q group and 2 of 561 (0.4%) of the initially negative CTA group subsequently developed either PE or DVT. This is a statistically insignificant difference.
One of the interesting comments made by these authors as well as others was whether we might actually be detecting smaller pulmonary emboli on CTA exams that might not be of clinical significance This issue was also addressed in an accompanying editorial that suggests that we are over diagnosing PE. 42 Some investigators feel that the detection of these clinically insignificant clots has unnecessarily exposed these patients to the risks of anticoagulation. It is believed that small emboli often resolve spontaneously because of the intrinsic fibrinolytic activity of the lung. 37 DVT does not resolve spontaneously. 43 Additional clinical trials with longterm follow-up are needed to appropriately resolve this important concern of whether or not smaller emboli require anticoagulation.
Montefiore Study
As at most other medical centers, the number of CTA examinations being performed for suspected PE has increased greatly over the past several years at our institution. With growing concern about the radiation exposure issue, we met with our ED physicians to try and reverse this trend. The PIOPED II data were reviewed to assure them that the procedures were diagnostically equivalent. A simple strategy was agreed on whereby the plain chest x-ray was used to determine which procedure the patient would have. Normal or near-normal radiographs had V/Q studies whereas those showing infiltrates, atelectasis, and pleural effusions had CTA The retrospective comparison of years 2007 versus 2006 statistics showed a reversal of the prior trend with CTAs decreasing and V/Q studies greatly increasing. The number of positive V/Q studies was quite low (3.5%) as compared with CTAs (13%). The very low number of positive V/Q studies was attributable to the fact that the ED physicians were reluctant to discharge a low suspicion patient despite a negative D-dimer unless an imaging study was performed. Before 2007, this had been a CTA whereas after our meeting, the V/Q study was used. Another striking and significant result was that the FN rates on 3-month follow-up at Montefiore were an identical 1.1% for both procedures. As with the Canadian study, this was based on the development of either DVT or PE within the same time frame.
The Radiation Exposure Issue
The number of imaging studies has increased greatly during the past 3 decades. The primary concern of this trend relates to the radiation exposure associated with these studies. [44] [45] [46] A recent study performed at the Orlando Regional Medical Center and the Washington, DC Hospital Center reviewed the 5-year cumulative radiation exposure that emergency department patients received from multiple diagnostic imaging procedures. 47 The average estimated effective dose was 45.0 milliseiverts (mSv) with 12% of the sample population receiving the unacceptably high dose of more than 100 mSv. Both CT scans and nuclear medicine procedures were implicated as being responsible for the most radiation. Concern was raised that a substantial number of patients may be placed at risk of developing a higher cancer risk than that of the normal population. Further concern about CT, in particular, has been raised during the past year by several publications including the one by Brenner and Hall 46 in a New England Journal of Medicine review article.
A recent American College of Radiology white paper 45 points out that dose calculation is a very complex issue because absorption in each organ is variable from patient to patient. In the case of chest CT, it is clear that the organ at greatest risk is the female breast. Breast radiation estimates made using 4-slice CTA vary from 20 to 60 mSv. [46] [47] [48] [49] [50] Einstein and coworkers 51 estimate that 64-slice coronary artery CTA delivers a dose of 50 to 80 mSv to the breast. This estimate was based on the concurrent use of ECG gating, which carries with it a further significant increase in radiation dose as compared with chest CTA studies performed for PE. Comparatively, a full V/Q study delivers only 0.28 to 0.9 mSv. 52 It is difficult to ignore this enormous 65-to 250-fold difference between the 2 procedures. Average estimates place the difference as 70-to 100-fold. Another comparison can be made with a 2-view mammogram, which is associated with a 3 mSv exposure. 48 This makes the CTA radiation dose approximately 10 to 20 times greater.
Einstein's report for coronary CTA also suggests that there exists a non-negligible increase in lifetime attributable risk of breast cancer, which is 1 in 143 for a 20-year-old woman and 1 in 284 for a 40-year-old woman. 51 The International Commission on Radiation Protection has reported that CT doses can exceed limits shown to result in an increase in cancer risk. 53 As emphasized by the ACR white paper, 45 it is the responsibility of the imaging physician to familiarize themselves with the radiation exposure risk associated with each procedure and, in turn, educate the referring physician. The choice between CTA and V/Q represents an example where diagnostically equivalent procedures can be performed depending on the clinical considerations and the chest x-ray.
Reasons For The Recent Proliferation of CT Angiography
To propose a reasonable diagnostic strategy using both V/Q and CTA, it is first necessary to convince clinicians and diagnostic radiologists that the 2 procedures have reasonably comparable accuracy. The aforementioned studies provide these necessary data. Depending on the individual clinical setting and incorporating important information, such as patient gender, whether the chest x-ray is normal or abnormal, objective clinical assessment and D-dimer results, the clinician and radiologist, together can make an informed decision as to which procedure is best for the patient. Despite this apparent logic and the knowledge of a large radiation exposure, we continue to be confronted with a worldwide preference for CTA. The reasons for this appear to be a combination of 2 factors. These are the easier availability of the CT study and the relative expertise and confidence of the radiologists interpreting the 2 studies.
Relative availability of CTA and V/Q Imaging
In a busy ED, it is important to triage patients rapidly to determine whether hospitalization or discharge is indicated.
The patient who presents with signs and/or symptoms of possible PE often poses a diagnostic dilemma. Even in light of a low Wells score (and even a negative D-dimer), an ED physician (particularly one with less experience) feels much more comfortable discharging a patient if he or she is able to obtain a negative confirmatory imaging study. Although an unlikely occurrence, they are concerned about the possibility of sending a patient home to face an ever-existent life-threatening event. The great majority of medical centers now have CT scanners located in close proximity to the ED and x-ray technologists available on premises 24 hours a day. CTA, therefore, becomes the easier choice.
Nuclear medicine services are available on evenings and weekends in relatively few institutions because the volume of work does not financially justify an on-site or on-call technologist. This lack of availability of V/Q studies is often the major determining factor that leads clinicians to order a CTA rather than a V/Q study. Even when available, a request for a V/Q study after regular working hours requires calling in a technologist to prepare the radiopharmaceutical before performing the study. At Montefiore Medical Center, we have effectively dealt with this problem for many years. We have an on-site technologist until midnight during the week and from 9 AM to 3 PM on Saturday and Sunday. This is justifiable because we average 3 to 5 emergency studies a night. Besides lung scans, this includes hepatobiliary studies for acute cholecystitis, and gastrointestinal bleeding exams. In institutions in which scintigraphy is not available at night, another approach is feasible. In patients with a high pretest probability of PE where CTA is not desirable (particularly young women), it is suggested that temporary treatment with a single dose of low molecular weight heparin be considered. This dose is considered relatively harmless and is effective for 6 to 8 hours until a V/Q study is performed in the following morning.
Expertise of Radiology and Nuclear Medicine Residents and Attending Physicians in Interpreting V/Q Studies
Most practicing diagnostic radiologists do not feel as comfortable interpreting nuclear medicine studies as compared with other areas of diagnostic imaging that they encounter. After their residency, they enter fellowships and, subsequently, join practices that do little or no radionuclide imaging except, at this time, possibly positron emission tomography/CT. Certainly, lung scanning is not a procedure that many young practicing radiologists deal with very often. The further away they are from their residency, the less comfortable they feel with interpreting V/Q studies and the more comfortable they feel with CT imaging, including CTA. Clearly, this is an important factor as to why most chest radiologists and body imagers, in general, encourage the use of CTA rather than V/Q when assessing what to recommend when studying patients with suspected PE. In fact, there are some hospitals in this country that have completely given up on performing radionuclide lung scans. This is most unfortunate and this trend should be reversed, particularly as phy-sicians become increasingly educated about the radiation exposure from CTA.
The practice at Montefiore is quite different in that we strongly feel that the known diagnostic equivalence of the V/Q and CTA as well as concern for the general overuse of CTA and its associated radiation exposure should make one more judicious in selecting the appropriate study. As outlined above, our use of the plain chest radiograph as our primary triage tool has proved to be successful in managing patients in a busy ED. Considerable time is devoted to teaching our residents how to appropriately interpret V/Q studies.
Role of V/Q Imaging in Institutions Where CTA Remains the Primary Procedure
Despite the concern about radiation exposure with CTA, most institutions persist in minimizing the role of V/Q and many continue to use CTA as their primary (and, in some cases, only) study for suspected PE. Even in these institutions, there are some important areas where V/Q should be used.
Contraindications to CTA
These include contrast media allergy, renal insufficiency, and other possible concerns about nephrotoxicity, excessive obesity and claustrophobia.
The Pregnant Patient With Suspected PE
Although fetal radiation is felt to be relatively comparable or slightly less with CTA, 49,54 the breast radiation issue justifies the use of V/Q rather than CTA as the primary examination in the pregnant patient. In these patients, we have used a low dose (1 mCi of 99m Tc-MAA) perfusion only study. Although actual numbers have not been kept, we have likely studied more than 200 patients at Montefiore during the past 15 to 20 years using this approach. One of the authors (L.M.F.) anecdotally recalls that greater than 95% of these exams were perfectly normal. Of course, the use of a perfusion only study in association with pretest probability has been proposed by others and is, in fact, reviewed by Miniati and coworkers 55 in an accompanying article in this issue of Seminars in Nuclear Medicine.
The Need for Baseline Studies After Positive CTAs for PE
The resolution of PE is a very dynamic and variable process. Even when the initial diagnosis may be PE on CTA, it is beneficial to establish a baseline with a V/Q study and to serially monitor resolution or the lack thereof. [56] [57] [58] If a patient subsequently presents at some future time with suspicion of a new PE, it will be much easier to distinguish new clots from older clots that may not have resolved either partially or completely. 22, 58 Although CTA findings have been described to make this distinction, it is not always easy. Results of a European study suggest that follow-up V/Q studies beyond 3 months are unlikely to show continued clot resolution. 57 Baseline V/Q Studies in Patients With DVT
The incidence of silent PE in patients with DVT is estimated to be 38% or greater. 59, 60 If a patient with DVT has been anticoagulated and, subsequently, develops a suspicion of PE, neither a positive CTA or V/Q study will be able to judge whether the embolus occurred before or after the start of the anticoagulation. If the latter, placement of an inferior vena cava filter may be warranted. If the PE was present at the time of DVT diagnosis, continuation of anticoagulant therapy will suffice. Performing a baseline V/Q study certainly will facilitate the decision.
The Future of V/Q Imaging and Interpretation

The Language of Lung Scan Interpretation
The use of "probability" interpretations has created considerable confusion among not only clinicians 61 but also imaging physicians themselves. 62 The single biggest problem occurred when the PIOPED investigators changed the PPV of a low-probability interpretation to 20% from Biello's original 10%. Gottschalk attempted to rectify this by creating his "very low probability" category to correspond to the more credible Ͻ10% PPV (Table 2) . 27 Another approach to enhance communication is to use a similar interpretation for both V/Q studies and CTA. All normal and very low-probability interpretations can be called "PE unlikely" whereas a high-probability interpretation can be called "PE likely." All CTA studies showing no clot in the main or lobar vessels (even if the segmental vessels were not well visualized) can be similarly called "PE unlikely." Using this scheme, Anderson and coworkers's prospective study showed similar FN rates of 0.4% for CTA and 1.1% for V/Q. 40 Of course, either study result must be correlated with objective clinical assessment to determine further management.
The Use of V/Q SPECT
During the past several years, many of our Australian and European colleagues have routinely used SPECT V/Q studies and feel that it is easier to read and more accurate than traditional planar views. 63, 64 Although the use of a full 8 view planar study has performed well, it is certainly conceivable that SPECT may add a bit more. In select situations a combined study using SPECT/CTA may be of value. A detailed discussion of SPECT V/Q imaging by Roach and his colleagues 65 may be found in this issue of Seminars in Nuclear Medicine following this article.
Clot Avid Agents
Another area to look forward to could be the development of "hot spot" imaging where the clot itself may have a direct affinity to pick up the radiopharmaceutical. 66, 67 This technique has had some limited success for DVT detection 68 but, at the present time, we are not aware of any new clot-avid agent being developed to detect PE.
Conclusion
Multidetector CTA and V/Q lung scintigraphy are both excellent imaging examinations to evaluate patients with suspected pulmonary embolism. Because of the much greater radiation exposure, particularly to the female breast, associated with CTA, it is desirable to use V/Q imaging when possible. The major problem causing difficulty in interpreting V/Q studies is underlying pulmonary disease, such as pneumonia, significant atelectasis, pleural effusions, and chronic obstructive lung disease. The use of a plain chest x-ray to detect these abnormalities and, if positive, directing the patient to a CTA is an effective strategy. Most importantly, it is the responsibility of the imaging physician to be knowledgeable about the relative value and the benefit-to-risk ratio of each procedure to properly advises the referring physician.
